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Introduction
Environmental quality, resource availability, and interspecific interactions all influence metabolic activity, generation time, reproductive rate, and also the body size of organisms (West et al., 1997) . Depending on body size, we can also predict if an organism is a potential predator or prey (Peters, 1983) . Changes in the body size and an individual species distribution across a certain space are parameters that indicate the degree of environmental burden . Relationships between the species structure of animal communities and the body size were also studied in connection with their use as bioindicators in a long-term
Short communication
anthropogenic intervention (Brown, 1995) . The family Carabidae is suitable for such calculations because the ecological characteristics of the species are well known (Lövei and Sunderland, 1996) and these can be used for bioindication. Rouabah et al. (2015) analyzed the influence of vegetation structure on the diversity, and spatial distribution of ground beetles in correlation with their body size. They confirmed that big-bodied species achieve high population densities in forests, while small species prefer species-rich meadow vegetation. Šustek (1987) found that average body size of the ground beetles decreased in areas under intensive anthropogenic disturbance. Lövei and Magura (2006) reported that average body size in predatory carabids decreased close to an industrial area, but not in slightly polluted areas. Szyszko (1983) found that the average size of ground beetles increased with decreasing disturbance in Polish pine forests, and concluded that "the decrease of environmental disturbance allows a larger than average body size". Magura et al. (2006) analyzed differences in the ground beetle body size distribution influenced by urbanization along a forest-urban park urbanisation gradient. They confirmed the presence of individuals of various species with larger body size in rural rather than in urban or suburban areas. Braun et al. (2004) claimed that the average species size increased with decreasing environmental pollution at a former chemical factory site in Germany. They used the term biovolume, calculated from morphometric parameters of individuals (body length, thickness and width) to characterise ground beetle body size (volume). The family Carabidae is suitable for such calculations because of their relatively large body size. Majzlan and Frantzová (1994) compared biovolume values of male vs. female carabids. In most cases, females were bigger than males (although not confirmed statistically). Only 3 ground beetles species (Panagaeus crux-major, Pterostichus diligens and Harpalus schaubergerianus) have larger males than females. The biggest differences between the sexes exist in the genus Carabus. In their study, Majzlan and Frantzová confirmed that the species is of bigger volume display major value differences of biovolume between the sexes. Majzlan and Baťalík (1997) also confirmed this fact. Teiji et al. (2000) have analyzed 15 beetle species of the genus Carabus. The average female was bigger than the average male, except for the Carabus uenoi.
Marcoptery or brachyptery within ground beetles are related to ecosystem stability, mostly via habitat structure and vegetation type (Sonomi et al., 2014) . Larger average body size is related to the occurrence of apterous and brachypterous ground beetles (Majzlan and Frantzová, 1994) . On the contrary, the smaller average body size indicates the presence of macropterous species in the biotope. Brachypterous and apterous ground beetles are unable to fly, so their dispersal power is lower, and they colonise new biotopes with more difficulties. Macropterous forms of ground beetles can more easily occupy new biotopes, and consequently, sudden and substantial changes in biotopes influence apterous and brachypterous species more profoundly. Species living in stable ecosystems lose their flight ability, but species living in cyclical changeable ecosystems still retain their flight ability (Porhajášová and Šustek, 2011). The predominance of apterous and brachpterous species indicates a higher degree of environmental stability, and the presence of macropterous species indicates less stable environmental conditions. The aim of this paper is to evaluate the body size changes (biovolume) of ground beetles influenced by various intensities of anthropogenic activities in nine biotopes of Slovakia, in the Veporské vrchy Mountains and the Juhoslovenská kotlina Basin. We focused on evaluating the following hypotheses: (i) there is no difference in the average value Bv for males and females, (i) the average body size value (Bv) of ground beetles decreases from less disturbed anthropogenic biotopes to more disturbed ones.
Materials and methods
The study areas are located in the southern part of Slovakia in the geomorphological units of the Veporské vrchy Mountains and the Juhoslovenská kotlina Basin (Table 1) .
Ground beetles were collected from April to October 2015, in 9 localities representing 7 types of biotopes, classified according to Ružičková et al. (1996) . We used pitfall traps (750 ml) and Möricke traps (1,500 ml) which are yellow and attract insects (Novák et al., 1969) . The traps were arranged in 5 lines in each biotope. The distance between the individual traps was 10 m from each other and there were 10 traps per a line. As a killing agent, we used 4% saline solution. The traps were checked and emptied at regular two-week intervals. The collected material was sorted in the laboratory, and carabids were identified to species using the nomenclature and keys according to Hůrka (1996) . We measured the following morphometric characters on each individual according to Braun et al. (2004) : (i) body length in mm, as the dorsal length between the upper lip (labrum) and the terminal part of elytra, (ii) the body width (mm) as the length between the edges at the maximum width of the elytra, and (iii) body thickness (mm) as the maximum dorsoventral thickness on the left side of the body. To minimize the measuring error, each parameter was measured three times, and the arithmetic average was used. On the grounds of measured morphometric features, the volume of each individual or biovolume (Bv) was calculated as:
where h is individual thickness, š is individual width, D is individual length, (Majzlan and Frantzová 1995) . Flight ability was assigned as in Hůrka (1996) .
The resulting Bv values are given in mm 3
. The results indicate the average Bv value of the subject on the habitat. The data analysis sample represents the Bv (mm 3 ) values of individuals captured into the pitfall traps and Möricke traps at each habitat.
We used the Statistica Cz. Ver. 7.0 (StatSoft, Inc., 2004) program for statistical analysis of morphometric signs and biovolume. The analysis was focused on:
• the morphometry and biovolume were analyzed by descriptive statistics • testing normality of data distribution • testing deviations to average values by gender for selected species We used the Lilliefors test, Shapiro-Wilk´s W test for testing normality in Bv distribution and morphometric parameters, respectively. We analyzed biotopic influence on Bv for both sexes by one-way ANOVA. Testing differences in Bv between sexes was made by a non-parametric Kruskal-Wallis test.
Results
We collected 1,873 individuals (882 males, 991 females) belonging to 44 species (see Appendix). The highest abundance was found in the habitat Culture of Picea abies (466 individuals collected), while the lowest (95 adults) in pasture. Nitrophilous waterside vegetation was the most species-rich habitat (21 species) and the lowest number of species was collected in Carpathian oak-hornbeam forest (11 species).
All Bv values were normally distributed. The lowest average Bv value of individuals was recorded in the pasture (locality 5), and the highest in the biotope of Carpathian oak-hornbeam forest (locality 4) ( Table 2 ). The average values were close to the median values for the biotopes of Picea abies plantation (locality 1), pasture (locality 2), Carpathian turkey oak forest (locality 7), fallow field (locality 8) and nitrophilous waterside vegetation (locality 9).
The parametric ANOVA indicated significant (p = 0.00) difference in the average Bv values among the localities (Fig. 1) . The biotopes with the lowest average Bv values were also the ones with presence of small macropterous species. On the other hand, biotopes with a higher average Bv value had mostly apterous and brachypterous species.
Biotopes pasture (locality 2) and nitrophilous waterside vegetation (locality 9) show an approximately even number of apterous, brachypterous and macropterous species. In the forested biotopes and nitrophilous waterside vegetation (locality 3), apterous species prevailed, which may indicate greater ecological stability. We found more macropterous species in the biotopes with intensive agricultural land use.
During the evaluation, we were also comparing the Bv values of males and females of species with at least 35 individuals of each sex: Abax parallelepipedus, Carabus coriaceus, C. glabratus, C. hortensis, C. violaceus and Harpalus affinis (Table 3) .
Non-normality was detected for females of Carabus glabratus, C. hortensis and for males Carabus coriaceus, C. hortensis, and Harpalus affinis. Statistically significantly different Bv values were reported for Abax parallelepipedus Carabus coriaceus, C. glabratus and C. violaceus but not for Carabus hortensis (p = 0.12) and Harpalus affinis (p = 0.54).
Discussion
Through our research, we evaluated the anthropogenic (developed agriculture) impact on carabid beetles. By Bv and flight abilities, we achieved a more comprehensive bioindication evaluation of 9 localities, representing 6 types of biotopes. The species were divided on the basis of flight ability according to Hůrka (1996) and we supplemented the distribution theory. Our results confirmed earlier findings (Majzlan and Frantzová,1994; Porhajášová and Šustek, 2011) according to which biovolume and habitat disturbance are related. More disturbed habitats have species that are smaller and/or macropterous, while lower disturbance allows the increased presence of larger species also often brachypterous or apterous. Porhajášová and Šustek (2011) and Sono et al. (2014) pointed to the prevalence of macropterous species in habitats with an intense anthropogenic interference. Similar trends were found at 39 localities around Bratislava (Šustek, 1987) , and along an urbanisation gradient near Debrecen, Hungary . Apparently, the same trend was detectable during a recovery from heavy industrial pollution (Braun et al., 2004) . 
Conclusion
We confirmed the lowest average Bv value presented mostly by macropterous species in the biotopes of pasture (locality 5) and nitrophilous waterside vegetation (locality 6). These localities are used as long-term agricultural land. We confirmed the highest average Bv value (mostly apterous and brachypterous species) in the biotopes which are anthropogenically least affected. We confirmed the highest average Bv value in the fallow field biotope (locality 8) because of a higher presence of apterous individuals; but most of them were macropterous species. The family Carabidae is a suitable tool for the indication of the biotopes´ distortion level and its ecological stability. The assessment of ecological stability is considered to be a basis for the evaluation of the current status, serving for future options for the land use. Moreover, it is a very important part of landscape planning documents in Slovakia (e.g. Development the Territorial System of Ecological Stability). Bioindication evaluation by biovolume can be used as one of the assessment approaches of environmental quality and intensity of anthropogenic impact on landscape. We have statistically confirmed that the Bv average value correlates to intensity of anthropogenic influenced on habitats. 
